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CAMELOT: CUBESAT ARRAY FOR MEASURING  
AND LOCALIZING TRANSIENTS

A constellation of at least 9 satellites can provide:  
- all sky coverage with a large effective area 
- Better than 0.1 millisecond timing accuracy 
- ~10 arcmin localisation accuracy using 

triangulation

Each satellite will use a standard 3U cubesat 
platform developed by C3S LLC for the ESA 
sponsored RadCube mission. The cubsesats will 
be equipped with a GPS receiver for precise 
time synchronisation and inter-satellite (Iridium 
NEXT) communication equipment for rapid data 
download  



TWO POSSIBLE DETECTOR 
CONFIGURATIONS  



THE DETECTOR DESIGN

To maximise the effective area, the detectors based 
on CsI scintillators and Multi-Pixel Photon Counters 
(MPPC) will occupy two lateral extensions (8.3cm x 
15 cm x 0.9cm x 4)


The large and thin detectors with small readout area 
are challenging 


The read out of the CsI detectors with MPPC is 
currently being evaluated in the lab as part of our 
feasibility study. The system provides a large light 
yield, compact readout area and relatively low 
operational voltage.




Spectral feasibility
Preliminary!

Single channel readout  
Coincidence sum 
Coincidence sum (scaled)

Energy threshold of ~10 keV is achieved 
for both single/multi channel readout 
Energy range: 10-1000 keV (TBD)

Effective area for any incident angle is 
estimated by the Monte-Carlo simulation, 
200~300 cm2 (@100 keV)

241Am 
59.5 keV
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Sensitivity of one satellite is comparable to Fermi-GBM
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BLOCK DIAGRAM OF THE 
CAMELOT PAYLOAD 

FILE: REVISION:

DRAWN BY: PAGE OF

TITLEA

B

C

D

E

F

G

H

1 2 3 4 5 6 7 8 9 10 11 12

A

B

C

D

E

F

G

H

1 2 3 4 5 6 7 8 9 10 11 12
II

GRBCube − Payload block schematics
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.

 − signal processing
 − reduction of dataflow
 − triggering
 − correlation analysis
 − noise statistics

 − timestamping
 − interfacing
 − housekeeping

Pál et al. 2018



CAMELOT GPS TIME-
STAMPING TEST BOARD 
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SKY VISIBILITY ON 53 DEG 
WALKER ORBITS



SKY VISIBILITY ON SUN-
SYNCHRONOUS POLAR ORBITS 



HIGH BACKGROUND ON 
POLAR ORBITS 

On polar orbit, each satellite will loose 30-40% of observing time



WHAT DO WE EXPECT TO 
SEE?

• Over 300 GRBs detected per 
year


• Many terrestrial gamma ray 
flashes, solar flares, soft 
gamma ray repeaters, binaries, 
etc.



LOCALISATION FEASIBILITY 

Time since trigger (s)0.5 1.0

sat0

sat1

sat3 sat2

Satellite attitude, GRB position, predicted 
photon count/arrival time estimated 
using orbit and detector simulations.

GRB!

sat0 – sat1

sat0 - sat2

sat0 – sat3

10-1000 keVSemi-major axis:     
6878.14 km 
Inclination:               
53 degree 
RAAN:                     
0, 120, 240 
True Anomaly:     
0~320 
 (40 deg step)

9 satellite constellation
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Simulated photon arrival time is estimated by 
the cross correlation analysis ➔ triangulation 
annulus Ohno et al. 2018



LOCALISATION ACCURACY 

• High localization accuracy for good photon statistics (brighter/longer) 
• 5-10 arcmin accuracy in the best case 
• Ten short GRBs per year localised to within 20 arcmin

Localization accuracy of our concept is examined for all short GRBs listed in Fermi 3rd 
GRB Catalog (Bhar+16  T90<2s: 326 samples )

Ohno et al. 2018
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SUMMARY

• We are proposing the CAMELOT mission, a constellation of nine 3U cubesats in three orbital planes on 
low Earth orbit, to provide an all-sky coverage and ~10 arcmin localisation accuracy 

• Each nanosatellite shall equipped with four thin, 9 mm, and relatively large, 8.3 × 15 cm, CsI(Tl) based 
detectors as lateral extensions on its surface read out by MPPCs. The large thin detectors provide high 
sensitivity (comparable with Fermi GBM), while leaving enough room for electronics. 

• Timing based localisation demands precise time synchronization between the satellites and accurate 
time stamping of detected photons. This will be achieved by using GPS receivers.

Rapid localisation by gamma-ray observations is critical for the 
study of GW sources

• Rapid follow up observations at other wavelengths require the capability for fast simultaneous 
downlink of data for the triggered events from all satellites in the fleet. This can be achieved using 
satellite-to-satellite communication networks such as Iridium NEXT. 

• CAMELOT will also provide important secondary science, such as monitoring of outbursts of soft 
gamma-ray repeaters, gamma-ray flares on the Sun, terrestrial gamma-ray flashes (produced in 
thunderstorms), and space weather phenomena.  

• CAMELOT provides ample potential for international cooperation. Because the proposed fleet is 
scalable and extendable, we envision collaboration with future partners using different satellite 
designs, extending the capabilities of the constellation.

Werner et al. arXiv: 180603681  
Ohno et al. arXiv: 180603686 
Pal et al. arXiv: 180603685


